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摘  要 
I 








（1）天然水中 23 种唑类农药的 LLE-GC-MS 同时分析方法 
采用液液萃取、GC-MS 检测、内标法和替代物法质控，建立了 23 种唑类农
药在超纯水、河水和海水中的一齐分析方法。目标农药在 25~1000 μg/L 范围内
线性关系良好。不同浓度下目标物加标回收率在 71.2%~122.3%之间，相对标准
偏差（RSD, n=3）在 1.1%~6.7%之间，方法检出限在 0.002~0.43 μg/L 之间，方
法具有灵敏、快速、准确、方便等特点，为后续水环境中唑类农药的降解研究提
供了检测手段。 
（2）室外自然条件下 23 种唑类农药的非生物降解研究 

























摘  要 
II 
部分目标农药如氟菌唑、三唑醇等的光解。与人工海水相比，实际海水中的重金






















































Widely used as a fungicide and plant growth regulator in the world, azole 
pesticides are one of the fastest developing "new" pesticides in recent years. In this 
dissertation, simultaneous determination method of 23 azole pesticides in waters was 
established using liquid-liquid extraction (LLE) for extraction, gas chromatography 
coupled with mass spectrometry (GC-MS) for detection and surrogates for quality 
control. On this basis, abiotic degradation behavior and influencing factors of 23 azole 
pesticides in ultrapure water, river water and sea water were studied under outdoor 
natural conditions. Moreover, photolysis mechanism was exploited under indoor 
controlled conditions. The research results were expected to provide technical 
measures and scientific data for the persistence evaluation and risk assessment of 
target azole pesticides in aquatic environment.   
The main research contents and results are as the following: 
(1)  Simultaneous determination of 23 azole pesticides in waters using 
LLE-GC-MS 
Simultaneous determination method of 23 azole pesticides in waters was 
established using liquid-liquid extraction (LLE) for extraction, gas chromatography 
coupled with mass spectrometry (GC-MS) for detection and surrogates for quality 
control. Under the optimized condition, good correlation coefficients were obtained in 
the linear range of 25~1000 μg/L. Recoveries and relative standard deviation (RSD, 
n=3) were between 71.2%~122.3% and 1.1%~6.7%, respectively with method 
detection limits between 0.002~0.43 μg/L. The method was sensitive, accurate and 
fast, and would provide a reliable analytical means for subsequent degradation studies 
of azole pesticides in waters. 
 (2)  Abiotic degradation of 23 azole pesticides in waters under outdoor 
conditions 
Abiotic degradation behavior of target pesticides were studied in ultrapure water, 
river water and seawater under outdoor irradiation and temperature conditions during 
July 7 to August 15, 2012 in Xiamen. Results revealed that hydrolysis rates of target 
pesticides in seawater were generally faster than those in river water while photolysis 
rates significantly slower than those in river water. As to the contribution to abiotic 
degradation, photolysis was predominant in river water, while in seawater photolysis 















cyproconazole, tebuconazole and epoxiconazole were so long (52.5~133.9 d) in both 
river water and sea water that deserves further study. 
(3)  Influencing factors of the photolysis of 23 azole pesticides in waters under 
indoor simulated conditions  
The effects of NO3
-, humic acid and particles on photolysis of 23 target pesticides 
in different waters were studied under 25℃ and simulated solar irradiation conditions. 
Results showed that NO3
- nearly inhibited all the photolysis rates of target pesticides 
in different waters. Humic acid also peformed inhibition effects in river water and sea 
water. Particulates inhibited the photolysis of most target pesticides in river water 
while in sea water exhibited either promotion effects to some target pesticides such as 
tricyclazole and famoxadone or inhibition effects to the other target pesticides 
including triflumizole and triadimenol. Compared to artificial sea water, heavy metals 
and DOC in real sea water combinedly inhibited the photolysis of target pesticides.  
 
Keywords: Azole pesticides; Liquid-liquid extraction; Gas chromatography mass 
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